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TITLE OS' THE INVENTION 
CELL COLi 'ORE apmeatol 



2 1 \ 1 , L- \ 

i nCigi to sappJ a - < i;< 



Cell t jr-f OX i 

x ; n ^\ . t ; , ui\r, 

a 001 * % ' ' system circulating the culture 

medium supplied to the hollow fibers tmder pressure; and 

a oo>. vV system ci rcuiatxr-g :a culture 

containing a low-molecule weight substance and a high- 
ance produced in the ceil culture 
] 3e hrough t nembrane separation device to saparsL • 
ntolecjjei. v-v ^ . ; and 

f urther compare . ino 

tween tin- culture-raedium-circulating system and the produced- 
I iquid-ci rculating system . 

3. nt'TAi Us>.*:ai??iON of the invention 

•INDUSTRIAL APPLICATION FIELD] 

■> ^ ■■: nvention rsbies i.o a cell culture c . s 
snd., pruur icularly.. < a hoi * ow-fib'sr-type ceil culture apparatus 

high 

density, th paratus achieving n - v , is en 

in a s^sri bstan 
which are produced as s ryprcde;u: while eff icieatiy supplying 
i xi rier 1 i am i 

"\ s , , ART 

Cell mass culture at high cteugity is an indispensable 



it will be industrially o . . o> - Froa ihlo- > >_.. 

_ ' "C^JL -iu , t t > ^ ' f 

have been developed, 

The colters types of these saethods and apparatuses; are 
larf*ly divided into floating (non-adherent) cell caltura and 

, ^ c culture depend! i <> 

of cu „ j. - - ™^ i i . - 

point is to maintain a suspension condition of cells and l;o 
acolere efficient sadat-nce e:-aivanoe. Is- coat ray I = for the 



exchange ol substances such as a nutrient, a waste product:, and 

fcven if either type of above culture is adopted; the 
substance exchange remain* a key point. Accordingly, cell 
culture utilizing a hollow fiber or capillary having a 
select ire -separation pxop-;rty aaa - a a .. ••• .0 an -Italian, Fox 

- tje whic h <. • .aa- " o?n b; 
the v _ - - ill - 

ria Mood vessel; 1 , fro™ blood io vivo ana tea coil" excrete 

>0 3 



, % - -I * 

. - ' ' ^ n i ■ 3 - X- ^ ' < 

i f hollow fib 

■gas i - oxygen into the soiian iioeaa. ..a a cell caiiuit 
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[PROBLEMS TO BE SOLVED BY THE INVENTION] 

■y- .'OS ...-a ot a real riot :a??-> factor tor high donad.Ly cnltara 0 
*tion of aio^t » -a- io> -r> •• : in . 



ontial art v acids, ate amies; f depletion 0:: ciisaolved oxygen 
• > ra and farinaraujr% a rapid doorcase in a pl-i . 
Conventional hollos*-! iber-rype oali eaiLuoe apparatuses have 

n Utv. - - ip! 1 . < a - » • ^ - = , 

aver,,, taeoe das bsen a situation chat the apoarataa cannot Pa 
,d to ... . 1 culturing cells at faigi 

iSttV- Ida actacl situation has dean that the oiwiranment in a 



The ;P:Yv r e.uuion bus been developed -L„ ecb.vs wu 

. . „ . . . i i i J v. p a uiw.ivi 

i i if i pparat? is uniform 

1 - , . m < - i > * ^ 

= 1> cf suturing cells at high density, 
[ M £.* b ' 11 £ \K< LE'MS] 

- - invent on u, > i 2 1 )•< 

& call culture apparatus configured to supply a culture raedi 
co a pkrj' ■ fibers haul 

selective permeability t© permease a pare of the culture sear 
Into an outer surface side of the hollow fibers and to carry a 
cell culture in a cell culture space formed in the outer surfs 
area, tm op? ratus comprising; 

a rulbui -iri< liuia- •.cuiatbnp ystea circulating the cultu 
m*5di -JUppI xuc f :.o dec uoiiov urrier pressors: and 



roei^cular-weiubt useful substance produced in 1 ceil culture. 

< n * 1 low- 

Hioi'^c-i : - , ) v - and 

t .• •• • v ... comor is inu 

pressure-ad due r to keep a \ ' . .•• of flow • c. . 
bed.v.'een id- nQ.iti.n:e--mediun'~4::ircuP:rL:asp syscc<n and the produced" 
1 ■ d 3 > i> . = _«£-=r. 



2om ] wm vh\ < v oto;o/^22:8oi ; 



[OPERATIC®] 

In the present ^ , -\ to 

t , o ^ ^ , - 

stc, ; in a noli culture apace by supplying, under • pressure, a 

'i 1 ' se ' f 

-a. v - o • •> - - . Oe 

supplied into the hollow fibers ana .. :t> ssolvea oxygen content, 

9tC , V > i . ) 1 v *« £ t ! ,P ^ 

condition becomes; ■ .hie - 

It is possible to uniformly supply £h& « aediv,'* 

>• • >Uv the entire cell culture space by employing a 
1.1 i'or a culture-medium circ_ 

circulating a culture medium supplied into hollow fibers under 
pressure- Also, in order to more effectively achieve this object, 
it is res contended to provide the ioregoing cuiture-j&edlum- 
oircuiating system with a gas exchanger, preferably a hollow- 
fiber-type oxygenator to control a dissolved oxygen content or a 
.,.:.>-> i • ..-5 soon dioxide content, and in addition, to install a 
line x« -or T i i v uj - 

the cal< u •? ne iom that has permeated through the above hollow 
^ i ) i": ft 
f :- in ^ i a the types of cell in the foregoing cell 
culture space are iol I :t d t'o idheren U * 
^ , ?- * ..-.erhod far ao iexi i ' n o \- ^o 



Patent Application Ho. 52--S53G3; , On the other hand, for 
«j n.n 1 i i^u Vi if jd i ' for 



. sting calls into aaa (stove racromoiacuiar matrix., and a 

i .o fl o ' <ondition n • pi3 
m i i sell j > e to a 

ration as ce in a and >n ; a prcduo 
o i< „ v v nnwaatod . ■■■■ -r ana a nigh---moieeuiar" 

v „ % l X a u« r 1 * to 

the ate 
ceil, ou.tuo . • - rariov.:,- or ~aa - i - .z 

unw? v . •< »\ " - * } - % v i ^ 1 such 

as 1„« — c said i! (a 
produced lie i - ci ting system} . it is noted that with 
regard to this circulating culture medium, the pll and a 
dissolved oxyg&n content are adjusted in the produced- 3 iquid- 
circulating ays am 

In such a manner, circulation of the culture medium in the 
cell culture space through the membrane separation device allows 
cellular metabolites to be quickly removed from the vicinity of 
the cells and allows the environment in the cell culture space, 
to be uniform. Also, this can prevent a partial or total rapid 
a.sse c * % o u * * from 

i % t cell culture space.. ->o, removal of the 

i< ui/ --.iio A ;:•.<::*■.. .;h b inwanted substance* .•.•.cat.: ?eiy 

a i ii ? u br<u 1 i» ) ( i 

the ' *.»» * a e i " * . >a the 

culture medium to decrease am: on.ab.les the o 

- ^ .-!) , ^ " ^ ^ 

by withdrawing the cut aura medium in ahica ana Mgh~moI ocular--- 
aeight useful substance .• enriched wit; a certain flow rate to 



the foregoing a&ll v o _ apparatus becomes posslbiae and 
v collect ion of the highly * euajmstratad useful substance 

can n , . a 

it .bj 'iyslrahle thai; only v; . ' / -•• :a-. • o a! u : 0\ e . ; . a be 

:emc 'he it! c has to be at 

lea^t within a t age j j whi fch< ig - s j 

substance oeea o„ permeate , . 8x^pb ; . at is suitable that 
the ni, v~<- i v : j - % • . % i > < « - <, x' 

be •: v : .:••<. about tKKO) and 30000 , Ir; contract, tea ;aej.eeuagr weigh!: 
cutoff of the hollow fiber may be sat to within a range in. whiofc 
the useful substance does not permeate. The range may ba equal, 
to or larger than the molecular weight cutoff of the ra^sbrans 
reparation device. 

t «. t i ' fiber used I V pp; cat us sf the 

include aa organic rsacra^oleeute^ *m inorganic porous; booty, end 
a metallic porous body, ft is- . the in v ■ : v. : J ' =.,-. «>• . i of the 
i s i i s ? i v s d the iaen s 

th.i^boeaa aiay he bet-we-n 2 ana 500 pa. In particular; It is 

000 ;>:<■■ ;. ■ .. ■ • h.o .naaae ■-.■ruaoic K-actooo.i saucer ms ; : ... 

loeiude. Jrnr exarapia, ueijui ok «oota!>a ; - uiliuluss triacetate. 



polysiloxane 

1 H * " ' the 

culture-medium-circulating system b« " cm/min or less, and 
parriyul* ?:t y 300 cm/nun or less as a _ r velocity, $hen the 
slow race j'tcaeds 1000 oaymin, _ pressure r the hollow 

fiber b&cm - ingly it not preferable. 

bvmvme the amount .,pejW6&ted into the cell culture space becoines 
large . 

In contrast, it is preferable that the circulating flow rate 
of th& produced-liqoid - circ c* iat ing syst»« oe ~ - .•> et K and 
v ' f , [ „ • y r _ between abo t i a nin as 

a linear "velocity. Consequently, when the flow rate is less than 
0,1 erhsinn, one . e, of liquid cannot be -a and 

the coBcestrafion of metabaiiLas in the vicinity of theoccils 
becomes too high, which inhibits the cell growth. When the flow 
rate exceeds 1000 cai/min, undesirable phenomena such as cell 
>' .>:• and kll'' ino occur as i'0 •• : effects oi fshearinu 

force , 

The transferred amount of the culture medium whd h petiaestes 
> f i v. Cv, , « moIaow fibers is isade to e \ t v 

\ e inside hollow ~ , v v a 

. ^ - v. v . > , in, 

for -\ ^ >c.:ig of an embodix&e " - v m v 

gas ;. r;u;;r.:.-e o o -uui. « ure * u - -e ' ^ by 

aehuotiaq this ::• . • uo: ' nstt by eoaouo.iiooa t:C v _ 



Hereinafter, tho crowecc inocrition xo decx^ihob in detail be 

■>t < > --r3iK ' ■. C , .X3 do 

bolow--a tt :e;::ribcd purport 5 ;• iru:; iu :hsd in ths technical eoope of 
* ».-r invention 
[EMBODIHEMOrST 

_ a - -Ac _ •> ~ ' 5 the 

present invention, 

A -1 1 , v » "> o ~i v e f 

basically includes a cell culture device ? and a membrane 
separation device 15. Kext, the cell cultur.® device 2 is 
jonfigured ueh u 5 luxalit 1 * hollow fibe* I ,v " r rw 

us t ■ i nta 
- ftod between the out ^ . j - - : ;o 
hollow liber;; I o> .1 container •. In , space , cells to b« 

cultured are filled. 

A culture aiedium 5 iy y replied j.oic t.te b.oliow jbiberc 1 by 
using a • liquid- sending pump 6. 'ffte eulcurs mcdiaai S ■ r.'Vii..**d 
insrde a oharsfeer ?■ .1 prrt ox rhs r.iiiture reelie:o b i.^ -.cutf- to 



re.oid.ua! culture sodium 1 which d- , not .. \ * :hrxo the 

5 gas 



7 again fa "!'_—---_.-_ system? , Also, psrtway 

along Uis lins 20/ a pK s«sso:>; 12s mid a senmr 13a for sensing 
a i --■)-■: .i t ~ ifi- v 

tiis 1 v - x f- « ^ 5 

= •"■> tJw 1 >e 20 are .measured, 

conditio* ccnt.^ioi.ng produced lo\s-mulecul.sr'-v*eight subst^ncss 
and i -« v - ' 1 a" * 

th«i c^ill culture apace 4 Is fed to a membrane sepaxstion defies 

saeisbrans separation devi ce I '"■ . low nsoieculesr m«t3bc>lites sues as 
lactic acid and an ammonium ion ia the prqctoctsd liquid 5a ar : e 

> iv •>•! v 'ivi - c to an outside sy. n 1 da a „et ration 

15 ra hoilow-iiber mesrsbiane iu this «K<bodimsnt) by 
• , \uc pressure! produr j lc- o> > , « 14, 

It is noted, that the ccsifxgu tisn o£ tb 16 

> > s< . • < 1 ri i - a 

reverse osmosis eomfcrsn^. 

• the 



• thy ••••• • • ; of the foully, ;lusco th<s , 

ight 

rffieats through the separation merabraaa IS, the useful 
_ - . <_■„ ) j; ' * \ ' i 1 ■ c o 

rducad-J ! h- cci iting sys >■ ■ i La woi bt 

efui substance can bo continuous:; y uiuoouusvus ai. & high 

ow rate by a liquid- sending yu&b I- LnuCiOhUu p3rtu.su 

e line 23 Ms cot - - - olo; 

II 'lr, -l <r s ~ . , * -.5-1 f.nS 

-ijc'heo ■ : rl>, uj/* ci-ii;; - > , ! 

noved, and enables i-.hs cells to be cultured at high density 
r a prolong period, Also, partway along the line 21. , a pH 
nsor 12b and a sensor 13b for sensing a dissolved oxygen 
'stent are installed,. and by these- sensors, the pH and 
solved oxygen content oh the produced liquid which passes 
rough the line 21 are measured. 
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•\; :• : - of cellulose - t - .500 iLsviuq c ^oleou'l?; r cutoff of 50C0. : 
reap.-.,.: el] . 

In the meantime, in srder r« 1 s 

- 1. ' . ^ : 1 - 11- ! 4 <~ 

. r - ^ > ^ .j' it • ^ ■ i %i ] - « the 

ii i « i ■ i the 

cfaiiiber 19 of the produced"iiquid--circLiiatii\y Eystese 

I . ft- u ^ . ... ^ ! 

' _ the 

ex-i.uitefri.- dy ^ey^dd/iO i:he Sil _ >> i t i <: ui; : ;; : d. :E:>:; 

- . > .• ... u:- circulating system and the produced- 
■ - i oc ay tern In addition, another air -pressure- 

Accordingly, a similar effect is achieved by adjusting the 
pressure in the chasiber 19 as well as by adjusting the pressure 
in the chamber 7. It is noted thet it is necessary to adjust the 
e. v ,1. . the 

. > . - - - >e the 
i -n invention, ■■■■ : . eeteredie that the 
forsqoing o«ee« 6 and j. ' employ s d. \ \ .. 

operating ; uJ ::■ in addition, oi> taking th« necessity to 

= • :: - t - into 

ftips *e i 1 4 , 

it .. .. « ., > • •• - ■ ■ • . ■ , in 
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• e > - - - \ ^ -s the 

3 - ; h a 

line - j o retu - porti i o e r c 

foe * d •> t o -. » ) e o the 

outside system 17, to the line 21. That is. among the low 
•i i \ • < - - *iicea separate; eaO i sep-a a 

iev.u i ; lutritiona sources useful for :ej i i »wt r 

as inorganic salts and amino acids are 

■ ; o-.v;:-h .«.; < «.. i ences such as lactic acid and an ammonium 

ion, •'. era k ii order to utilize these nutritional sour. 

t aiently as ^« ule n« configuration as shown .. \_ v 
2 is adopted. It is needless to mention that the returned amount 
in this case should no a degree to which the above growth- 
inhibiting substances contained do not inhibit cellular; growth., 

from a similar viewpoint on the configuration an shown in 
Figure 2 ; for example, it is also possible to adopt the 
v .on as illustrated . - pacifically in the 

v Vv N 'n ?iuu"e. 3 the embodiment - a p ovj ■ t 
with a line 2A which returns a portion of the iw(<^ - •> Sa 
to _ s raw EroB • ^ war - v lovxas i. o the 

our aide systsm 17, to the ' 20 o.t the culture "medium-- 



■;.:vu; v.o^ \- 1 



m D623 ■ 16/ 



order to SDppIeruenc nutritional source." including inorganic 

- i - i the 

oo ; : - : :ir : i,-" vi t ■•=;■'! V J i 'i - v * u <\ > ~.i 

an i't oue .. _•> : < m v 

- ! < > ' ■ . f ad 

into the foregoing line 21 ia a 1 - 

■. , > "J- -jV I'] ;h > 

Ti- i .e - it 

is possib] -n i he . > ■ 

•■ ■ > . . ■ am rone as possible by alop-riag t>, > > 

° i » it also becomes * * a 

highly concentrated useful substance over a prolonged period. 

4. WE* * 4 I >}< )F PHE DRAWINGS 

Figures 1 to 4 are schematic diagrams showing various 
erobodt n i rhs pr&senL invention, 

1 , , , Hollow fibers 2. , ■. , Cell culture device 

3 . . . Container i , , . Cell culture space 

S .... Culture nte&iura . . j 

6, 14, 18 Liquid-sending pump 

9 ... Gas exonaager 15 , ,< Membrane v • > 



